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The molecular structure and pasting properties of the starches from seven normal cultivars of barley were examined and compared with those of normal maize, rice and wheat starches. The bar ley starches had an actual amylose content of 24.3-27.9%. The starches had different pasting prop erties, such as maximum viscosity and breakdown, and different amylose gelatinization. A positive correlation was found between the maximum viscosity and the gelatinization degree of amylose, suggesting that low amylose gelatinization restrains the swelling of starch granules. The amylopec tins had a low iodine affinity (0.42-0.70 g/100 g) and resembled each other in chain-length distri bution with the individual peaks of B 1 and A chains. The amyloses had DPn of 810-1410 with 3.6-5.2 chains per molecule, indicating that barley amyloses differed in molecular structure with the cultivars. Among the cereal starches, barley starches were similar to wheat starch in amylose content and molecular structure, especially molecular size of amylose and chain-length distribution of amylopectin.
Barley is one of the major cereals along with maize, rice and wheat, and is mainly used for livestock feed and raw material for the production of alcoholic beverages. Recently, barley has also been used as food, such as a rice substitute, and in breads and noodles. Starch is the main component of barley grains (65% by wet weight).1) However, structural characteristics of barley starches have been less well established compared with those of other major cereals such as maize,2,3) rice4-6) and wheat. 7, 8) We recently examined the molecular structure of starches from some barley cultivars with different amylose content, one waxy (0% amylose), two low-amylose (2 and 11% amylose), two normal (23 and 25% amylose) and two high amylose (33 and 41% amylose) barley starches.9,10) The barley amylopectins from starches with differ ent amylose content were similar in molecular structure, while the amyloses had different molecu lar structures. The amyloses from the normal culti vars were similar in size to those of high-amylose General properties of starch. Table 2 summarizes the properties of seven nor mal barley starches. The actual amylose content, calculated from the iodine affinity (IA, g/100 g) of defatted starch, amylose and amylopectin, was 24.3-27.9%. The values were similar to those reported for other normal barley cultivars (23-28%),9-12) but higher than those for maize (19-21%)23) and rice (16-19%),5,6) and were comparable to those of wheat (22-27%)7,8) starches. The actual amylose content was slightly lower than the appar ent amylose content, which was calculated without consideration of the IA of amylopectin. The differ ence between apparent and actual amylose content was 0.5-2.0%, which was smaller than those of maize (4-5%),2,3) rice (2-10%)5,6) and wheat (1-5%) 7, 8) starches. This is due to a lower IA of barley amylopectins compared with those of other cereal amylopectins as described later. The lower IA sug gested that barley amylopectins had fewer long chains that formed a complex with iodine.
Barley starches had A crystalline type, being the same as those of other cereal starches.35) From the relationship between the crystalline type of starch and the average chain-length (CL) of amylopectin investigated by Hizukuri et al .,35) the CL of barley amylopectins was expected to be around or below 20.
Pasting properties of starches. Concentration was 9% (w/w). Table 3 . Pasting properties of barley starches (conc. 9%). To, Tp and T c are onset, peak and complete tem peratures, respectively. Table 6 . Iodine affinities of barley starches. Structure of amylopectin. Figure 4 shows the chain-length distribution of barley amylopectins after debranching with iso amylase. The chains were fractionated into LC, B 3, B2, B 1 and A, in the order of elution.31) All the amylopectins resembled each other in chain-length distribution and carbohydrate amount of each frac tion, although the weight-average chain length of each fraction was somewhat different (Table 8 ). The LC fraction was absent in Nishinochikara amylopectin but present in the other amylopectins in a very small amount (1%). The relationship be tween the amount of LC fraction and the IA of amylopectins was consistent with the results for rice amylopectins.5) The amount of long chains (LC +B3) was 6-7% for the barley amylopectins, being lower than those for maize (10%)2) and rice peaks. This elution profile, together with the re sults for other normal barley cultivars,9_12) was considered to be characteristic in barley amylopec tins. This profile was also similar to those of wheat amylopectins,7,8) and differed from those of maize and rice amylopectins2,5,6) since these amy lopectins showed B 1 and A-chains fractions as a peak. The distribution of short chains was clarified by HPAEC (Fig. 5) . The barley amylopectins showed a similar chain-length distribution among the cultivars with a peak at DP 11-12 and an apparent shoulder at DP 18. This result was in agree ment with those obtained by gel-permeation HPLC although the peak and shoulder DP was somewhat different. These distributions were also similar to those of other normal barley9,10,12,32) and wheat8,32)
amylopectins, but slightly different from maize and rice amylopectins.32) Structure of amylose. Table 9 a DP values of the subfractions (10% by weight) having the lowest and highest molecular weights. (Fig. 6 ) of the barley amyloses gave a different elution profile with the cultivars. It was evident that Schooner, Grimmett, Minorimugi, Hi nodehadaka and Aohadakamugi amyloses were composed of two components because the elution profiles showed a flat top peak or a shoulder. 
